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The p'roblem of the acid-base equilibrium in systems containing pro- 
rein  substances and electrolytes has often been obscured  by  super- 
ficial interpretations of experimental results and, in recent investiga- 
tions, by undue emphasis upon the colloidal aspects of the phenomena. 
Nevertheless, it has  always  remained  certain  that proteins, as am- 
photeric substances, must under all circumstances, except when pure 
at  the  isoelectric  point,  combine  chemically  with  acids  or  bases. 
Moreover, the simple relationships involved in such equilibria are the 
most important factors in determining the properties of the systems. 
This conception of the behavior of protein systems has recently been 
reaffirmed and amplified by SSrensen and his associates,  1  and by Loeb3 
The studies which are reported in  the present paper point in  this 
same  direction.  Our  experiments have  been  made with  gluten,  in 
some respects not the most favorable material for investigation,  be- 
cause it contains two distinct proteins, because it has not been highly 
purified from electrolytes, and  because it possesses marked colloidal 
properties.  In spite of these obstacles, which must therefore be less 
important  than  they  seem,  the  results  indicate  a  simple  chemical 
interpretation of the phenomena. 
This research was undertaken under the pressure of war time prac- 
tical interests, for the purpose of explaining the technology of bread 
* Lieutenant, Sanitary Corps, U. S. Army. 
1 SSrensen  and others, Compt. rend. tray. Lab.  Carlsberg, 1917, xii. 
2 Loeb, J., J. Biol. Chem., 1917, xxxi, 343; 1918, xxxiii, 531 ; 1918, xxxiv, 77, 395, 
489; 1918, xxxv, 497; J. Gen. Physiol.,  1918-19, i, 39. 
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making.  Accordingly the measurements have in  some respects  not 
been pushed to  the highest possible accuracy, nor has every part of 
the question been carefully surveyed. 
I. 
The first part of the work consisted of measurements, with the con- 
centration cell, of the hydrogen ion concentration of solutions which 
had been in contact with powdered gluten. 
The data in Table I  show that, as a first approximation, the hydro- 
gen ion concentration in such systems is  determined by the ratio of 
gluten to acid, or gluten to base.  In the acid systems this is  quite 
clear; in the alkaline systems, where unknown difficulties have inter- 
fered with the accuracy of the measurements, it is perhaps somewhat 
less apparent.  But, in view of the fact that under the circumstances 
equilibrium can hardly be perfectly attained, and on account of the 
numerous other difficulties which are inherent in work of this  kind, 
the evidence seems satisfactory. 
This result accords with the work of SSrensen.  But the system that 
we have studied contains large amounts of protein in a discrete phase, 
and frequently also large amounts dispersed throughout the aqueous 
solution,  and  therefore possesses  a  very high  degree of  complexity. 
It is on this account especially important that the simple relationship 
still holds good.  Unpublished measurements upon purified glutenin 
and gli~din further confirm this observation.  Therefore we venture 
to draw the conclusion that in systems containing gluten and acids or 
bases the formation of salts, in accordance with the requirements of 
the mass law, is the fundamental phenomenon.  Here, as in all cases 
• where a weak acid or base in excess is in equilibrium with a strongbase 
or acid,  the hydrogen ion concentration is dependent upon the ratio 
of acid to salt or of salt to base, as the case may be.  This relation- 
ship is of course only approximate, less true in  tile neighborhood of 
the isoelectric point.  Compared with the case of simple substances, 
it is modified in a definite and characteristic manner by the polybasic 
and polyacid character of the alnphoteric protein.  It is not, however, 
seriously modified by  the heterogenity of the system or by the  col- 
loidal character of the protein.  This subject will be discussed theo- 
retically in a later paper. HENDERSON,  COB.N,  CATHCART, WACHMAN, AND  FENN  461 
TABLE I. 
Hydrogen Ion Concentration of Solutions of NaOH and  HCl  containing Gluten in 
Different  Concentrations. 
A 
Gluten in  Concentra- 
100 cc.  tion 
solution,  of HC1. 
g~.  N" 
1  0.01 
1  0.005 
2  0.01 
2  0.005 
4  0.01 
1  0.002 
4  0.005 
1  0.001 
2  0.002 
1  0.0005 
2  0.001 
4  0.002 
2  O. 0005 
4  0.001 
8  0,002 
4  0.0005 
8  0.001 
8  0,0005 
1  0 
2 
4 
8 
R  He1 
gluten] 
10 
pH of HC1 
r]  a)  containing 
gluten. 
J  2.23 
5  2.68 
2.46 
2.5  3.32 
3.12 
2.0  3.78 
1.5  4.16 
1.0  4.43 
4.52 
0.5  4.93 
4.98 
5.00 
0.25  5.27 
5.34 
5.34 
0. 125  5.43 
5.55 
0,062  5.64 
5.64 
5.69 
5.73 
5.69 
B 
Gluten in 
100 cc. 
solution__ 
8 
Concentra-  R  /NaOH) 
tion  (,gl~ 
of NaOH. 
N 
0.00025  '  . 
0.00012 
0.00025 
0.0005 
0.00012  0.125 
0.00025 
0.0005 
0.001 
0.00025  0.25 
0.0005 
0.001 
0.002 
0.0005  0.5 
0.001 
0.002 
0.004 
0.001  1.0 
0.002 
0.004 
0.002  2.0 
0.004 
0.01  2.5 
0.004  4.0 
pHof 
NaOHcon- 
taining 
gluten. 
5.91 
5.97 
6.05 
6.06 
6.19 
6.39 
6.41 
6.22 
6.87 
6.87 
6.82 
6.69 
7.72 
7.53 
7.45 
7.15 
9.63 
9.37 
9.28 
10.08 
10.70 
10.76 
11.26 
II. 
Further analysis of the system is  made possible by measurements 
of the electrical conductivity of the aqueous phase. 462  ACTION  OF  ACID  AND  ALKALI ON  GLUTEN 
In Table II, which takes account only of the acid systems, because of 
the greater consistency of  the measurements,  the concentration of free 
hydrochloric acid is calculated from the measurements of hydrogen ion 
concentration;  that  part  of the  conductivity  due to  hydrochloric acid 
is next calculated, and this is then subtracted from  the  observed  con- 
TABLE  II. 
HCl  Gluten in  original  +  100 co.  pH 
concert-  (I'I)  solution,  tration. 
g•.  N  N 
1.0  0.01  2.23 0.0059 
0.  005  2.68 0.  00209 
0.002  2.78 0.000166 
0.001  4.43 0.000037 
0.0005  4.93 0.0000118 
0.0000  5.64 
2.0  0.01  2.460.00347 
0.005  3.32 0.00048 
O. 002  4.52 O. 0000302 
0.001  4.98 0.0000105 ! 
0.0005  5.27 0.0000054 
0.0000  5.69 
4.0  0.01  3.12 0.00076 
0.005  4.160.000069 
0.002  5.00 0.000010 
0.001  5.34 0.0000046] 
0.0005  5,43 0.0000037 
0,0000  5.73 
8.0  0.002  5.34 0.0000046 
0.001  5.55 0.000002~ 
0.0005  5.640.0000023 
0.0000  5.69 
Conduc-  Cor° 
Combined  Condue-  tivity  Salt  rected 
HC1.  tivlty,  of free  conduc-  salt  HC1.  tivity,  conduc- 
tivity. 
R  X 
0.0041  2,851 2,450  401  353  86  150 
0.00291  1,142  870  272  224  77  75 
0.00184  255  69  186  138  75  45 
0.000965  132  15.4  116.6  68  71  20 
0.000490  89  4.9  84.1  36  (73)  10 
48.5 
0.00653  2,133  1,480  653"  565  86  240 
0.00452  605  199  406  318  70  90 
0.00197  234  12.6  221.4  133  67  35 
0.000991  132  4.3,  ~  127.6  39  (39) 
0.000497  137  2.24  134.8  46  (93) 
88.5 
0.00924  1,113  316  797  649  70  200 
0.00493  491  28.6  462.4  314  64  70 
0.00199  276  4.15  271.8  123  62  25 
0.000997  270  1.91  268.1  120  (120) 
0.000498  219  1.5d  217.5  69  i(138) 
148.5 
0.001997  391  19.1  389.1  109  55 
0.000999  306  11,6  304.8  25  (25) 
D.0004997  278  0%6  277.0  --3 
280 
10 
ductivity.  The remainder,  given in Table II  as  "salt  conductivity," 
represents the effect of all other ions  than  those which may  be hypo- 
thetically attributed  to free hydrochloric acid.  From  this remainder 
the  conductivity of  the  system in  the absence of hydrochloric acid is 
subtracted  and  the  result  is  called  "corrected  salt  conductivity." 
It represents the effect of the action of the acid,  chemically or other- HENDERSON,  COHN,  CATHCART,  WACHMAN,  AND  FENN  463 
wise,  to increase conductivity, aside from the direct effect of the ions 
arising  from  those molecules of acid  which  remain  free  in  the  solu- 
tion.  Finally  this  value is  compared  with  the  total  amount  of acid 
which  has  disappeared  from  the  solution,  and  which  may  therefore 
be held responsible, directly or indirectly,  for this action.  This com- 
parison is expressed in the form of a ratio designated in Table II as R. 
It will be seen that  there is a  rough  constancy of the ratio of cor- 
rected  salt  conductivity  to  combined  acid.  As might have been ex- 
pected, this is not true in the lower ranges of acidity where the experi- 
mental errors, presumably of constant  magnitude, are large in propor- 
tion to the effects of the acid added. 
Disregarding  the  systems  where  the  quantity  of acid  is  small,  it 
may  also  be seen  that  the  numbers  vary in  a  regular manner.  The 
greater the hydrogen ion concentration,  the greater are the values of 
R  (Table III). 
TABLE  III. 
Values  of R. 
Gluten in 100 ec. 
pH 
1 gin.  2  gin.  4  gin.  8  gin. 
2.2 
2.6 
3.2 
3.8 
4.2 
4.5 
5.0 
5.3 
86 
77 
75 
71 
86 
70 
67 
70 
64 
62 
55 
In order to investigate this subject,  we  may  provisionally  assume 
that,  however it comes about, the effect upon the conductivity of the 
formation  of  a  given  amount  of  protein  chloride  is  constant.  Of 
course this can be at best only a  very rough approximation.  As the 
acidity decreases, the values of R  tend to approach a  limit which we 
may take, for purposes of rough estimate, as 50, expressing the value 
in  round  numbers. 
This  makes  possible  an  estimate,  however  hypothetical,  of  that 
increment  of the conductivity which is due to protein  chloride,  or is 464  ACTIOI~  OF  ACID  AND  ALKALI  ON  GLUTEN 
in any other way proportional to the quantity of combined acid.  This 
value may then be  subtracted from the corrected salt  conductivity, 
thus giving as a final result that increment of the increase of conduc- 
tivity which is not proportional to simple chemical action and which 
measures either the inaccuracies of the assumptions and approxima- 
tions or the changes in the systems which are not due to phenomena 
already considered.  The results of  this. calculation are given under 
X  in Table II. 
That part of the increase in conductivity which is proportional to 
protein  salt  formation  may be  supposed  to  result  from  the  direct 
liberation of electrolytes by the union of the acid with the protein plus 
at least a  moiety of the ionization of dissolved protein chloride. 
The most  obvious  effects which  have been  neglected are  the in- 
creasing rate of change of solubility of protein with increasing acidity 
and  a  corresponding change in  the gluten mass,  which involves the 
liberation of electrolytes.  Both  these factors ought to produce such 
a  change in conductivity as is revealed by the data.  For the protein 
which dissolves, whether chloride or not, will carry ions with it into 
the solution, and the disintegration of the gluten will favor the escape 
of electrolytes which might not otherwise find an open path into the 
aqueous phase. 
It is therefore apparent that the simplest possible chemical phenom- 
ena,  which are certainly all involved in the equilibria of the system, 
are quantitatively sufficient, within the range of accuracy of the meas- 
urements, to explain all  the data.  In short, the theoretical assump- 
tions which are necessary upon purely chemical grounds are, within 
a  very  close  approximation,  also  sufficient  to  account  for  the 
phenomena. 
III. 
In order to proceed a  step further in the investigation, it is neces- 
sary to  study the relation between electrolytes in the solution and in 
the gluten phase.  The following experiment bears  upon .this  point. 
A  series of systems, consisting of different quantities of powdered glu- 
ten and 100  cc. of distilled water of specific conductivity 9.6,  was al- 
lowed to stand at a  temperature of 22°C., and from time to time the 
conductivity was measured.  The results are included in Table IV. ttENDERSON'~  COHN,  CATI-ICART,  WACHMAN',  AND  FENN" 
TABLE  IV. 
465 
Gluten in  Conductivity after 
I00 co. water. 
gm, 
8 
4 
2 
1 
0.5 
0.25 
0.125 
I hr. 
62.8 
28.3 
r 
2 hrs. 
70.9 
35.7 
30.3 
27.4 
3 hrs. 
172. 
137. 
88.4 
58.9 
35.7 
4 hrs. 
93.5 
39.1 
5 hrs. 
101. 
42.6 
41.5 
31.6 
6 hrs. 
192. 
157. 
104. 
63.4 
40.7 
41.5 
28.3 
27 hrs. 
274. 
178. 
138. 
72.8 
Making allowance for the conductivity of the water, and reducing 
the measurements to  the effect per gin.  of protein,  this experiment 
yields the results of Table V, which indicate that the amount of elec- 
TABLE  V. 
Relative solution of electrolytes per gin. of gluten after 
Gluten in 
100 cc. water. 
gm. 
8 
4 
2 
1 
0.5 
0.25 
0.125 
1 hr. 
27 
75 
2 hrs. 
31 
52 
83 
142 
3 hrs.  4 hrs. 
20 
32 
39  42 
49 
104  118 
5 hrs. 
46 
66 
128 
176 
6hrs. 
23 
37 
47 
54 
62 
128 
150 
27 hrs. 
33 
42 
64 
63 
trolytes contained in 1 gin. of the gluten preparation is approximately 
sufficient to  give a  specific conductiv/ty at  25°C. of 200  to  100  cc. 
of water.  This rough estimate accords satisfactorily with determina- 
tions of the ash of the gluten: 
per cen~ 
I  ...............................................................  0.59 
II ...............................................................  0.61 
Average  ........................................................  0.60 466  ACTION OF  ACID AND  ALKALI ON  GLUTEN 
These experiments illustrate the importance of the relation between 
quantity of protein and volume of solution in such systems, even when 
gluten  is added  to  distilled  water.  When  the  variation of solubility 
and hydration  of proteins under  the  influence  of electrolytes are also 
TABLE  VL 
Calculation  of Conductivity of Ions  Combined with  1  Gm. of Gluten at Different 
Hydrogen Ion Concentrations. 
/  HCI ,~ 
10 
5 
2.5 
2.0 
1.5 
1.0 
0.5 
0.25 
0.125 
0.0625 
0 
\gluten ] 
0.031 
0.062 
0.125 
0,25 
0.5 
1.0 
2.0 
2.5 
4.0 
1  gill. 
1,465 
1,123 
775 
483 
346 
155.5 
181 
225 
277 
509 
Weight of gluten. 
2  gin.  4  gin. 
1,191 
930  951 
594 
498 
341  339 
235  236 
197 
157.7  164.8 
171 
180  179 
194  198 
227  231 
296  308 
413 
591 
8  gra. 
255 
214 
166 
165.5 
172 
188 
186 
203 
239 
taken into account, it may be dearly seen how. illusory are all conclu- 
sions  which  leave  such  factors  out  of  consideration.  At  the  same 
time,  there  is every indication  in  the  regularity  of  the  data that the 
final  condition  of equilibrium  is  a  simple one.  But  this  condition  is 
slowly attained,  and by a  somewhat devious path. 
The  immediate  conclusion  to  be  drawn  from  these  measurements 
is  that  the  electrolytes originally present in  the  gluten  are  sufficient, HENDERSON,  COl:IN, CATHCART, WACHMAN, AND  FENN  467 
per gin. of gluten,  to  give a  conductivity of  approximately  200  to 
100  cc.  of water.  This may now be used in further study of the data 
upon  conductivity.  For  this  quantity,  plus  the  electrical  conduc- 
tivity of the solution of acid or alkali added to the gluten, minus the 
electrical  conductivity of the resulting solution, may be  taken as a 
roughly approximate measure Of the quantity of electrolyte in  union 
with protein.  It is, however, a measure which cannot be directly em- 
ployed for comparison of the acid systems with the alkaline systems, 
because of the considerable difference in conductivity of hydrochloric 
acid and sodiun hydroxide.  And of  course the various salts of the 
original gluten are also not equal in conductivity to the acid, to  the 
alkali, or to each other. 
The results of such calculations of the conductivity of electrolytes 
in union with gluten are collected in Table VI.  It may easily be seen 
that the data vary in a  regular and intelligible manner. 
IV. 
In the light of the above facts the swelling of gluten in solutions of 
acid and alkalies may now be considered.  The data of Table VII in- 
clude observations upon the weight of the wet, swollen, coherent mass, 
upon the weight of dry gluten contained therein, as well as calcula- 
tions of the amount of gluten dissolved and of the ratio of wet gluten 
to dry material contained within it (the true swelling). 
Quantitatively the results are not at all points satisfactory.  The 
following conclusions are possible.  First, the weight of swollen gluten 
bears  no  relation  to  the  true  swelling  (hydration)  because  of  the 
marked variations  in  the quantity of protein dissolved.  Second, it 
bears  no  direct  relation  to  the  hydrogen ion  concentration, except 
when  quantities  of  gluten  and  solution are  kept  constant.  Third, 
the chief factor in determining the weight of swollen gluten is the quan- 
tity of protein which has been dissolved away from it.  Fourth,  the 
amount of gluten dissolved is greater the greater the acidity.  Fifth, 
the true swelling of gluten is greater the greater the acidity.  There 
also seems to be a  tendency for the true swelling of gluten to increase 
as  the relative quantity of gluten increases.  This corresponds to a 
relatively greater amount of electrolyte present in the swollen mass. TABLE VII.
Measurements on Gluten (5.6 Gm .) in Equilibriumwith Solutions ofHClandNaOH
at Different Reactions.
pH R
( HCI \
gluten
1 gm.
468
Gluten per 100 cc. solution .
2 gm .
￿
I
￿
4gm .
￿
I
￿
8 gm.
Weight of swollen gluten (A) .
gm . gm . gm, gm .
5.3 0.25 11 .5 11 .1 13 .1
5.5 0 .125 12 .9 14.3
5.6 0.0625 14.5
5.7 0.0000 12.9 13 .7 15 .3 15.7
CNaOH)
gluten
5 .9 0 .0312 15 .8
6.0 0.0625 14.2 15 .4 16 .0
6.3 0.125 14 .2 15 .1 15 .7 15 .6
6.8 0 .25 15 .1 15 .1 15 .2 15 .4
7 .5 0 .50 14.6 14 .8 15 .0 15 .3
9.4 1 .00 13 .6 13 .9 14 .3
HC1
l
(
ltieight of drygluten in 12 gm . of swollen gluten (B) .
gluten/
5 .3 0.25 3 .75 3.74 3 .22
5 .5 0.125 3 .90 3 .89
5 .7 0.0000 4.08
(NaOH)
gluten
5 .9 0.0312 3 .79
6.0 0.0625 3 .93 3 .93 3 .89
6 .3 0.0125 4.04 3 .93 3 .93 4.01
6 .8 0.25 3.99 4 .05 4.08 . 4.00
7.5 0.50 4.16 4.18 4.05
9 .4 1 .00 4 .12
(gluten/
Amoant of gluten dissolved l 5.6-1
B\ .
J
2.04 5.3 0.25 2 .01 2 .114
5.5 0 .125 1 .41 0.96
5 .7 0.000 0.67
NaOHl
gluten
5.9 0.0312 0.62
6 .0 0.0625 0.95 0.56 0 .41
6.3 0 .125 0.82 0 .65 0.46 0.39
6.8 0 .25 0.58 0 .50 0 .43 0.47
7.5 0.50 0.54 0.44 0.54
9.4 1.00 0.83HENDERSON, COHN, CATHCART, WACHMAN, AND FENN
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TABLE VII-Concluded.
V.
Gluten per 100 cc . solution .
Finally, we have measured the viscosity of swollengluten with the
help of the viscosimeter previously described . In every case 12 gm .
of the swollen gluten were introduced into the apparatus.' The re-
sults of these measurements are included in Table VIII .
It should be understood that these measurements are of very mod-
erate accuracy which, nevertheless, is sufficient for the presentpur-
pose .
￿
Evidently there is a well marked minimum of viscositynear a
hydrogen ion concentration corresponding topH 5.7 .
￿
This minimum,
as will be shown in a later paper, while due chiefly to the hydrogen
ion concentration, is in a secondary manner influenced by the amount
of electrolyte present in the system, and varies with this factor as well
as with the acidity . The electrolyte concentration determines the
great variation in viscosity measurements in the systems wherethepro-
tein is suspended in distilled water .
￿
It will be shown in a later paper
that the value of 3.0 for the system containing 8 gm. of gluten is
most nearly comparable with the other data of the table.
3 Henderson,L . J., Fenn,W . 0 ., and Cohn, E . J., J.Gen . Physiol.,1918-19, i, 387.
pH R
(_HCI
gluten
)
lgm.
gm .
I 2 gm.
Swelling o£
gm .
, 4gm . I
gluten
/
`B
121
gm.
8 gm .
gm.
5 .3 0 .25 3 .20 3 .20 3 .72
5 .5 0 .125 3 .08 3 .08
5 .7 0 .000 2 .94
NaOH)
gluten
5 .9 0 .0312 3.17
6.0 0 .0625 3 .05 3 .05 3.08
6.3 0 .125 2 .97 3 .05 3 .05 2.99
6.8 0,25 3.01 2 .96 2 .94 3 .00
7 .5 0 .50 2 .88 2 .87 2 .96
9 .4 1 .00 2 .92470  ACTION  OF  ACID  AND  ALKALI  ON  GLUTEN 
The measurements on smaller quantities of gluten in distilled water 
are accordingly disregarded.  Averaging all the other values of Table 
VIII,  which  appear  to  be  fairly  comparable, the  last  column is ob- 
tained.  This column represents more truIy than the individual  data 
the effect of variation of hydrogen ion concentration upon viscosity. 
It is graphically represented in Fig. 1. 
The marked minimum in the viscosity of the gluten seems not  to 
be dependent upon a  single property.  For it does not  coincide with 
TABLE  VIII. 
Viscosity Measurements.  Time in Minutes. 
pH 
HC1  '~ 
lgrn. 
Gluten per 100 cc.  solution. 
2gin-  I  4gin.  ]  8gm.  [  Average. 
5.3 
5.5 
5.6 
5.7 
5,9 
6,0 
6,3 
6.8 
7.5 
9.4 
0.250 
O. 125 
0.062 
0.000 
gluten/ 
0.0312 
0.0625 
0.125 
0.25 
0.50 
1.0 
55.0 
6,3 
6.3 
12.5 
18.0 
Weight, 350 gin. 
28.0 
10.8 
5.5 
5.8 
6.8 
5.0 
9.8 
17.5 
Weight, 450 gm. 
16.0 
7.5 
5.8 
3.0 
5.0 
4.0 
7.0 
10.3 
13.5 
2.8 
5.8 
6.3 
15.3 
16.0 
9.2 
5.8 
3.0 
2.8 
5.4 
5.7 
6.2 
12.0 
16.3 
the  isoelectric point--according  to  Wood and  Hardy  4 probably be- 
tween 10 -7 N and  10 -8 N--and  it  does  not correspond with the true 
swelling,  or hydration.  It  is,  moreover, as  the  observations  in  the 
presence of distilled water show, greatly influenced by the concentra- 
tion of electrolytes.  This last point will be fully established in a later 
paper.  Finally, it appears to be largely variable with time, so that a 
process of "setting" may be suspected. 
* Wood, T.  B.,  and  Hardy, W.  B.,  Proc.  Roy.  Soc.  London,  Series  B,  1909, 
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In short, the viscosity of gluten seems to depend upon the hydrogen 
ion concentration, upon the amount of water and of electrolytes pres- 
ent in  the swollen mass,  and at  times upon the age of the system. 
These are, however, the factors whose importance was to have been 
expected.  A  more complete interpretation of their mode of action 
is at present impossible.  But the well marked minimum of viscosity 
in an acid range of reaction is plain, and, as we hope to show, of de- 
cisive practical importance in bread making. 
Mtn. 
/ 
I 
/ 
/  - 
/ 
f 
pH  5  6  7  8  9  ~0 
FIG,  1. 
SUMMARY. 
In this paper there are reported studies of the acid-base equilibrium 
in  systems containing gluten suspended in  solution of hydrochloric 
acid  and  sodium  hydroxide.  The  studies  have  involved measure- 
ments of the hydrogen ion concentration, of the electrical conductivity, 
and  of  the  solution  of  the  proteins.  Further,  measurerflents have 472  ACTION  OF  ACID  AND  ALKALI  ON  GLUTEN 
been made of the swelling and of the viscosity of the gluten component 
of such systems. 
The results seem to show that simple chemical phenomena are most 
important in such systems, and that the modifications of these, result- 
ing from colloidal and heterogeneous characteristics, are of secondary 
importance in determining the condition of equilibrium, though some- 
what more significant in the progress of the system toward the condi- 
tion of equilibrium. 
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